ABSTRACT Summary: MAC5 implements MCMC sampling of the posterior distribution of tree topologies from DNA sequences containing gaps by using a five state model of evolution (the four nucleotides and the gap character). Availability: MAC5 is available from http://www.reading. ac.uk/statistics/genetics/ under the software link. Contact: gmcguire@hgmp.mrc.ac.uk MAC5 is an application, written in C++, which implements Bayesian estimation of phylogenetic trees from DNA multiple alignments containing gaps. It uses Markov Chain Monte Carlo (MCMC) to sample from the posterior distribution of trees, returning the most probable trees, together with estimates of their probabilities under the modelling assumptions implemented (see Figure 1) . It uses Metropolis-Hastings sampling (e.g. Chib and Greenberg, 1995) , whereby a Markov chain is constructed such that its stationary distribution corresponds to the posterior distribution of interest.
MAC5 is an application, written in C++, which implements Bayesian estimation of phylogenetic trees from DNA multiple alignments containing gaps. It uses Markov Chain Monte Carlo (MCMC) to sample from the posterior distribution of trees, returning the most probable trees, together with estimates of their probabilities under the modelling assumptions implemented (see Figure 1 ). It uses Metropolis-Hastings sampling (e.g. Chib and Greenberg, 1995) , whereby a Markov chain is constructed such that its stationary distribution corresponds to the posterior distribution of interest.
Gap information is incorporated using a five-state Markov model of evolution, the five states being the four nucleotides and the gap character. Despite this type of model being largely dismissed in the past (e.g. Durbin et al., 1998 , p. 217), McGuire et al. (2001 found that its use can improve the estimation of a phylogenetic tree, in particular, the precision of this estimate. The evolution models implemented in MAC5 are the five-state equivalents of the F84 model (Felsenstein and Churchill, 1996) and its special cases. These include the K2P model (Kimura, 1980) , the F81 model (Felsenstein, 1981 ) and the JC model (Jukes and Cantor, 1969 ). The F84+Gaps model allows for unequal character frequency and a transition/transversion bias; the other three models make assumptions about the character frequencies and/or the transition rate. Full details are in McGuire et al. (2001) and in the program documentation.
Since the problem has been formulated in a Bayesian framework, it is possible to update all model parameters using MCMC rather than requiring them to be fixed. This is quite important since, for example, Whelan and Goldman (1999) note that the observed base frequencies of nucleotides are not necessarily good approximations to the maximum likelihood estimates. Hence, the transitiontransversion ratio (hereafter referred to as the ts-tv ratio) and the character frequencies may also be updated. The program documentation contains descriptions of the algorithms used.
The various options within MAC5 are set by means of a text menu; default values are supplied for all settings. The main menu contains three submenus: model, run and file settings. The menu is written in a similar style to PHYLIP text menus (Felsenstein, 1993) . The first submenu (model) has options for selecting the model and for entering initial values for the ts-tv ratio and character frequencies (if applicable to the chosen model) rather than using estimates from the data.
The run settings menu sets the parameters that determine the form of the MCMC algorithm such as the burnin time, the number of values to return and the thinning interval (i.e. only record every kth value). The tuning interval sets the frequency of tuning proposal distributions during the burn-in period (if the acceptance rate is too low, the proposal distributions can be adjusted to improve it). Options are available for choosing to update the tstv ratio and the character frequencies if applicable. While cases may exist where fixed values are required, it is generally recommended that these parameters be updated within the MCMC algorithm. This menu also gives the option of starting from a particular tree instead of a randomly generated one. The final option turns an ad hoc weighting scheme on and off. This process is intended to downweight multiple site indels so that they do not contribute disproportionately to the phylogenetic tree estimation but has the disadvantage of also downweighting some nucleotide information.
The third submenu contains names for the various files containing the output from the program. Files may have any name subject to the constraint that it is no longer than 25 characters. Information outputted within these files includes the topologies, the mean branch lengths and, if updated, the ts-tv ratios and the character frequencies. 1,2),(3,4) ),(5,6), (7, 8) ) 9984 U2 ( ((1,2),(3,4) ),5,(6,(7,8))) 9 U3 (((1,2),(3,4) ),6,(5,(7,8))) 3 U4 (((1,2),(3,4) ),( (5,6),7),8) 1 U5 (((1,2) ,(5,6)),(3,4), (7, 8) ) 2 U6 ((2,(1,(3,4) )),(5,6), (7,8) Another important file generated contains the log posterior probabilities; this is useful for assessing the convergence of the Markov chain. At each stored iteration, the topology (branching pattern only) of the current tree is output to the topology file in parenthesis form. The output takes the form of rooted trees (even though the models used are time-reversible, so cannot be used to root trees), this is to facilitate the BAMBE program SUMMARIZE (Simon and Larget, 2000) which can be used to summarize the output, returning the posterior distribution of the topologies. It is, therefore, important to remember that the corresponding unrooted tree should be reported (the rooted trees from SUMMA-RIZE may be compared and unrooted using a program such as RETREE from PHYLIP; Felsenstein, 1993 ). An example of the results for a simulated data set of eight sequences is shown in Figure 1 . The current values of the ts-tv ratio, character frequencies (if updated) and mean branch lengths are also stored in files. This information can be used to obtain estimates for these parameters (a program included with MAC5 will summarize these files).
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For example, in Figure 1 , the posterior distribution of the transition-transversion ratio for the simulated data set is shown. Note that the graph has been produced by a statistical program.
This program has been designed for small to medium data sets (of the order of ten sequences, a thousand base pairs in length). Running time on a SUN Ultra 5 for the example above (eight sequences, 500 bp long (with 445 distinct sites), returning 10 000 values post burn-in, sampled at intervals of 200) was 10 h. Computational time increases with the number of sequences, the number of distinct sites, the complexity of the model used and obviously, the length of the chain returned.
